Abstract. Psoriasis vulgaris is a common chronic inflammatory skin disease characterized by the hyperproliferation and abnormal differentiation of keratinocytes. CCATT/enhancer binding protein α (C/EBPα) is abundant in the epidermis and is associated with the proliferation of keratinocytes. However, the role of C/EBPα in the proliferation of keratinocytes and the pathogenesis of psoriasis vulgaris are yet to be elucidated. In the present study, using two-step immunohistochemistry, the expression levels of C/EBPα and Ki-67 were examined in skin biopsies harvested from 30 patients with psoriasis vulgaris and 30 healthy control subjects. The proliferation index (PI) was calculated and the correlation between C/EBPα expression levels and the PI was assessed using Pearson's correlation coefficient. In addition, the effect on HaCaT immortalized human keratinocytic cells of treatment with various concentrations of interleukin (IL)-17 was investigated. Subsequently, cell proliferation rates were examined using a Cell Counting kit-8 assay and the mRNA and protein expression levels of C/EBPα were analyzed using semiquantitative reverse transcription-polymerase chain reaction and western blotting, respectively, in order to analyze the effects of IL-17 stimulation on C/EBPα expression levels. C/EBPα expression was predominantly detected in the cytoplasm of the keratinocytes and C/EBPα expression levels were significantly lower in the psoriatic lesions (P<0.05), as compared with the control group. An inverse correlation was detected between the expression levels of C/EBPα and the PI in the psoriatic lesions. Furthermore, a significant increase in the cell proliferation rate and significant reductions in the mRNA and protein expression levels of C/EBPα were detected in HaCaT cells following treatment with IL-17. These results demonstrated that C/EBPα may act as a downstream target of IL-17 and may be associated with the pathogenesis of psoriasis.
Introduction
Psoriasis vulgaris is a chronic inflammatory disorder characterized by the hyperproliferation and abnormal differentiation of keratinocytes and the infiltration of inflammatory cells into the dermis and epidermis. Although its exact pathogenesis is yet to be elucidated, psoriasis vulgaris is associated with various genetic, immunological, psychological and environmental factors (1) . T-cell-mediated specific and nonspecific immune disorders associated with the genetic background of the patient have been demonstrated to have a central role in the pathogenesis of psoriasis (2) . T-helper (Th)17 cells, which are a newly discovered subset of Th cells, are capable of secreting an important pro-inflammatory cytokine, interleukin (IL)-17, and the Th-17/IL-17 axis has a key role in the immunopathogenesis of psoriasis vulgaris (3, 4) .
The CCAAT/enhancer binding protein (C/EBP) family, which consists of a group of basic transcription factors containing a leucine zipper structure, is critical to the proliferation and differentiation of various cell types (5) . C/EBPα, which was the first cloned member of the C/EBP family with 358 amino acid residues, contains a C-terminal leucine-zipper protein interaction domain, a basic DNA binding region and an N-terminal transcriptional activation domain (6) . C/EBPα is expressed in various highly differentiated cells and tissues, including peripheral blood mononuclear cells, and adipose, liver and lung tissues (7) . Previous studies have demonstrated that C/EBPα is expressed in every layer of the epidermis; therefore, C/EBPα may regulate the proliferation and differentiation of keratinocytes (8, 9) .
In the present study, the expression levels of C/EBPα and Ki-67 were investigated in psoriasis vulgaris lesions using immunohistochemistry, and the proliferation index (PI) was subsequently calculated to explore the correlation between C/EBPα expression levels and PI. In addition, the mRNA and protein expression levels of C/EBPα and the cell proliferation rate were examined in HaCaT cells, an immortalized human keratinocytic cell line, following treatment with various concentrations of IL-17 in vitro.
Materials and methods
Patients and skin biopsies. Skin biopsies were obtained from 30 patients with active stage psoriasis vulgaris, including 14 males and 16 females aged 13-45 years (mean, 27.77±8.64 years), who presented at the Department of Dermatology at Qilu Hospital (Jinan, China). None of the participants had previously been diagnosed with another systemic disease and no local or systematic therapy was administered for ≥2 months prior to the biopsy. Control skin samples were obtained from 30 gender-and age-matched healthy participants (14 males and 16 females) aged 9-51 years old (mean, 31.80±14.86 years). Written informed consent was provided by all participants prior to the skin biopsies and the present study was approved by the Qilu Hospital Ethics Committee of Shandong University.
Immunohistochemistry. Following excision, the skin samples were immediately fixed in 10% neutral formaldehyde, embedded in paraffin and serially cut into 3-µm-thick sections. Subsequently, the sections were deparaffinized with xylene and rehydrated using a graded ethanol series. Antigen retrieval was conducted by incubation with 1 mM ethylenediaminetetraacetic acid (EDTA) buffer (pH 8.0) at 120˚C under high pressure for 5 min. Endogenous peroxidase activity was terminated using 3% hydrogen peroxide solution and the sections were subsequently blocked with 5% goat serum (C-0005; BIOSS; Beijing, China) to prevent nonspecific background staining. Following this, the sections were incubated at 37˚C for 1 h with rabbit anti-human C/EBPα polyclonal antibody (1:100; bs-16030R) and mouse anti-human Ki-67 ready-to-use monoclonal antibody (1:100; bs-2130R; both BIOSS). After washing three times with phosphate-buffered saline, sections were incubated using a PV-6000 Polymer Detection system (ZSGB-Bio, Beijing, China), according to the manufacturer's protocol, stained with 3,3'-diaminobenzidine substrate (ZSGB-Bio) for color development and subsequently counterstained with Harris' hematoxylin (Beyotime Institute of Biotechnology, Jiangsu, China) for examination under a light microscope (DM1000 LED; Leica Microsystems, Inc., Buffalo Grove, IL, USA). Keratinocytes were deemed positive for C/EBPα or Ki-67 expression if yellow to brown granules were detected in the cytoplasm or nucleus, respectively. Three fields were randomly selected under high magnification (x400) and the mean gray value of the positive area was analyzed using Image Pro Plus (IPP) software, version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA), where a high grey value indicated lower expression levels. Five representative fields with the highest number of positive cells were counted in each section (magnification, x400) and the PI was calculated as the percentage of total epidermal cells that were Ki-67-positive.
Cell culture. HaCaT immortalized human keratinocyte cell line was purchased from the American Type Culture Collection (Manassas, VA, USA). HaCaT cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (vol/vol), 100 U/ml penicillin and 100 µg/ml streptomycin (C0222; Beyotime Institute of Biotechnology) in a humidified incubator containing 5% CO 2 at 37˚C. Cells were digested with 0.25% trypsin/0.02% EDTA (1:1) solution (C0203; Beyotime Institute of Biotechnology) and passaged (1:2) every 2-3 days. Subsequently, the HaCaT cells were cultured in 12-well plates (1x10 5 cells/ml) and grown to 60-70% confluence, prior to stimulation with 50, 70 and 90 ng/ml IL-17 for 24 h. Following treatment, cells were harvested for RNA isolation and protein extraction, respectively. DMEM was simultaneously used without IL-17 to treat the control group. Experiments were performed in triplicate.
Cell Counting kit-8 Assay.
A total of 5x10 3 HaCaT cells/ml in the logarithmic growth phase were cultured in 96-well plates. At 60-70% confluence, cells were treated with 50, 70 or 90 ng/ml IL-17 for 24 h. Subsequently, cells were incubated with CCK-8 reagent at 37˚C for 2 h, according to the manufacturer's protocol (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). A Varioskan™ Flash microplate reader (Thermo Fisher Scientific, Inc.) was used to measure the optical density (OD) at 450 nm. Cell viability (% of control) was calculated as follows: (OD test -OD blank )/(OD control -OD blank ). Experiments were performed in sextuplicate.
Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR).
Following treatment with IL-17 for 24 h, total RNA was isolated from the HaCaT cells using an RNAiso Plus kit (Takara Biotechnology Co., Ltd., Dalian, China), according to the manufacturer's protocol, and detected using a Nanodrop™ 2000 spectrophotometer at 260 nm (Nanodrop; Thermo Fisher Scientific, Inc.). A total of 1 µg RNA was reverse transcribed into cDNA using oligodeoxythymine nucleotide primers and subsequently amplified using a Power RT kit (BioTeke Corporation, Beijing, China). Specific primer pairs were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China) and their sequences are listed in Table I . PCR was performed using a 50-µl system containing: 25 µl 2X Super Taq PCR MasterMix (PR1732; BioTeke Corporation), 2.5 µl forward and reverse primers, 10 µl template and 10 µl triple-distilled water. Reaction conditions were as follows: 95˚C for 5 min, followed by 35 cycles of 95˚C for 1 min, 60˚C for 45 sec, 72˚C for 45 sec, and 72˚C for 10 min. The amplified PCR products were separated by 2% agarose gel electrophoresis. The sizes of the C/EBPα and β-actin fragments were 375 and 495 bp, respectively. Ethidium bromide-stained PCR products were visualized using an ultraviolet transilluminator (Tanon™ 2500R; Tanon Science and Technology Co., Ltd., Shanghai, China) and gray values of the DNA bands were simultaneously measured using the automatic image analyzer software. Relative gray values were measured as the ratio of gray value between C/EBPα and β-actin.
Western blotting. HaCaT cells were dissolved in lysis buffer containing 1 mM phenylmethanesulfonyl fluoride (Cell Lysis Buffer for Western and IP; Beyotime Institute of Biotechnology) on ice. Samples were centrifuged at 12,000 x g for 5 min and the total protein content in the supernatant was analyzed using an Enhanced BCA Protein Assay kit (Beyotime Institute of Biotechnology). A total of 30 µg protein from the cell lysates was separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride (PVDF) membrane. The PVDF membrane was subsequently blocked with 5% skimmed milk at room temperature for 1 h and incubated at 4℃ overnight with rabbit anti-human C/EBPα polyclonal antibody (1:400; bs-16030R; BIOSS), or mouse anti-human anti-β-actin antibody (1:1,000; sc-47778; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). After washing with 0.01 M Tris-buffered saline containing 0.1% Tween-20, the membrane was incubated with horseradish peroxidase-labeled goat-anti-rabbit or goat-anti-mouse immunoglobulin G antibody (1:1,000; E030120-01; EarthOx Life Sciences, Millbrae, CA, USA) at room temperature for 1 h. A standard enhanced chemiluminescence reaction (Sangon Biotech Co., Ltd., Shanghai, China) was performed, according to the manufacturer's protocol, and densitometric analysis of the band intensity was performed using a Tanon™ 5000 chemiluminescence imaging analysis system (Tanon Science and Technology Co., Ltd.). Relative protein expression levels were calculated as gray value ratios as follows: C/EBPα integrated option density (IOD)/β-actin IOD.
Statistical analysis. SPSS software, version 19.0 (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses. Data were expressed as the mean ± standard deviation. The intensity of immunohistochemical staining of C/EBPα between the psoriasis and control groups was analyzed using Student's t-test. Analyses of the correlation between C/EBPα expression levels and PI in the psoriatic lesions were performed using Pearson's correlation coefficient. mRNA and protein expression levels of C/EBPα were analyzed between the psoriasis and control groups following the administration of various concentrations of IL-17 using one-way analysis of variance with Student-Newman-Keuls post-hoc analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Immunohistochemical staining of C/EBPα in psoriatic lesions.
C/EBPα was expressed in the cytoplasm of the majority of keratinocytes and in the whole epidermis of the healthy control skin samples, with sporadic expression detected in the basal layer and enhanced expression levels detected in the stratum corneum. Staining of C/EBPα was weaker in the psoriasis vulgaris group, as compared with the control group. Immunohistochemical staining demonstrated the grey value of C/EBPα was 51.94±7.60 in the control group, as compared with 85.44±13.88 in the psoriasis vulgaris group. Therefore, significantly reduced C/EBPα expression levels were detected in the psoriatic lesions (t=7.819, P<0.01), as compared with the control skin samples (Fig. 1) .
Correlation between C/EBPα expression levels and PI.
Immunohistochemical staining demonstrated that Ki-67 was predominantly expressed in the cytoplasm of keratinocytes and was sporadically expressed in the basal layer of the control skin samples. Ki-67-positive cells were detected in the basal layer and, notably, in the middle and lower parts of the stratum spinosum of psoriasis vulgaris lesions. The PI was significantly increased in the psoriasis vulgaris group (0.20±0.09), as compared with 0.66±0.03 in the control group (t=4.535; P<0.01; Fig. 2A which implied that the expression levels of C/EBPα in the keratinocytes of psoriasis vulgaris were inversely correlated with the PI.
Effect of IL-17 treatment on the proliferation of HaCaT cells and C/EBPα expression levels.
In the in vitro experiment, immortalized human keratinocytic HaCaT cells were treated with 50, 70 and 90 ng/ml IL-17 for 24 h. As compared with the control group, IL-17 treatment significantly increased the proliferation of HaCaT cells in a concentration-dependent manner (Fig.3) . Following culture with 50, 70 and 90 ng/ml IL-17, semiquantitative RT-PCR and western blot analyses were performed using a β-actin housekeeping control in order to examine the mRNA and protein expression levels of C/EBPα. The results demonstrated that, as compared with the control group, 50, 70 and 90 ng/ml IL-17 significantly reduced the mRNA (q=4.11, P<0.05; q=9.12, P<0.001; q=12.44, P<0.001, respectively) and protein (q=5.293, P<0.01; q=10.17, P<0.001; q=16.82, P<0.001, respectively) expression levels of C/EBPα in a concentration-dependent manner (Fig. 4) .
Discussion
Psoriasis vulgaris is a chronic inflammatory disease characterized by a thickened epidermis, hyperproliferation and parakeratosis of keratinocytes and marked inflammatory cell infiltration. It is hypothesized that the abnormal proliferation and differentiation of keratinocytes in psoriatic lesions is associated with the activation of T cells by external stimuli, which subsequently recognize a self-antigen and lead to an immune response, in which the Th-17/IL-17 axis has an important role (10) . Th17 cells, which are named according to their secretion of IL-17, are a newly reported subtype of CD4 + T cells that gather in psoriatic lesions (11) . Significantly increased expression levels of IL-17 have been detected in psoriatic lesions, as compared with samples from control skin and skin surrounding psoriatic lesions (11) . Furthermore, the administration of IL-17 monoclonal antibody to patients with psoriasis is capable of quickly and effectively alleviating the clinical symptoms, improving pathological characteristics and attenuating keratinocyte proliferation and inflammatory cell infiltration into the lesions (12, 13) . In the form of homogenous or heterogeneous dimers, IL-17 binds to its IL-17 receptor (IL-17R) and subsequently activates the signaling pathways of phosphoinositide 3-kinase (PI3K), nuclear factor (NF)-κB and mitogen-activated protein kinase in order to regulate cell proliferation (14, 15) . A previous study, based on the upregulation of IL-17R in the keratinocytes of psoriatic lesions, has demonstrated that the administration of IL-17R receptor antagonists may rapidly control the symptoms of psoriasis, and reduce the psoriasis area and severity index (16) . This suggests that IL-17 may mediate this immune disorder, resulting in the excessive proliferation and differentiation of keratinocytes.
C/EBPα, which is selectively expressed in a variety of tissue cells, interacts with various tissue-specific transcription factors in order to regulate proliferation and differentiation (17) . Furthermore, C/EBPα may be an important negative regulator of cell proliferation. Reduced C/EBPα expression levels have been detected in various types of cancer, including lung, breast, liver and other epithelial tumors; therefore, C/EBPα may be associated with the pathogenesis of cancer (18) (19) (20) . C/EBPα is abundantly expressed in normal skin tissue and reduced C/EBPα expression levels in some skin tumors have been correlated with uncontrolled cell proliferation and tumor development, in which the re-expression and enhanced expression of C/EBPα was demonstrated to inhibit hyperproliferation (21) . Previous studies have demonstrated that C/EBPα protein dimers, rather than the leucine zipper domain, directly interact with various cell cycle-related proteins in order to control the cell cycle process (22, 23) . C/EBPα is capable of regulating, stabilizing and activating the cell-cycle inhibitor, p21, and is also capable of inhibiting the activities of cyclin-dependent kinase (CDK)2 and CDK4, and E2F-mediated transcriptional processes, to block cell cycle progression (23) (24) (25) . These mechanisms induce cell cycle arrest at the G1/S phase and inhibit cell proliferation. However, the activation of the PI3K/Akt signaling pathway has a negative regulatory role on the expression of C/EBPα (26) .
The present study demonstrated that the proliferation of HaCaT cells was significantly increased and C/EBPα mRNA and protein expression levels were significantly decreased following treatment with 50, 70 and 90 ng/ml IL-17 for 24 h. Furthermore, downregulated expression of C/EBPα was detected in the psoriatic lesions, which was negatively correlated with PI. Therefore, the results of the present study suggest that IL-17 is capable of activating the PI3K pathway via IL-17R, and activation of the PI3K/Akt pathway may reduce the expression of C/EBPα. Hence, IL-17 administration may inhibit keratinocyte proliferation by decreasing the expression levels of C/EBPα, and PI3K may have a critical role in this mechanism.
In conclusion, IL-17 may result in the downregulation of C/EBPα expression in keratinocytes and the IL-17/C/EBPα axis may be associated with hyperproliferation of keratinocytes in psoriasis vulgaris lesions.
